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(57) ABSTRACT 

A method for inspecting a structural sample using ultrasonic 
energy includes positioning an ultrasonic transducer adjacent 
to a surface of the sample, and then transmitting ultrasonic 
energy into the sample. Force pulses are applied to the trans- 
ducer concurrently with transmission of the ultrasonic 
energy. A host machine processes ultrasonic return pulses 
from an ultrasonic pulser/receiver to quantify attenuation of 
the ultrasonic energy within the sample. The host machine 
detects a defect in the sample using the quantified level of 
attenuation. The method may include positioning a dry cou- 
plant between an ultrasonic transducer and the surface. A 
system includes an actuator, an ultrasonic transducer, a dry 
couplant between the transducer the sample, a scanning 
device that moves the actuator and transducer, and a measure- 
ment system having a pulsed actuator power supply, an ultra- 
sonic pulser/receiver, and a host machine that executes the 
above method. 
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FLOATING ULTRASONIC TRANSDUCER 
INSPECTION SYSTEM AND METHOD FOR 
NONDESTRUCTIVE EVALUATION 


CROSS-REFERENCE TO RELATED 
APPLICATION 


This application claims the benefit of and priority to U.S. 
Provisional Patent Application No. 61/511,182 filed on Jul. 
25, 2011, which is hereby incorporated by reference in its 
entirety. 


STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH OR DEVELOPMENT 


The invention described herein was made by employees of 
the United States Government, and may be manufactured and 
used by or for the Government for Government purposes 
without the payment of any royalties thereon or therefor. 


TECHNICAL FIELD 


The present disclosure relates to an ultrasonic inspection 
system having a floating ultrasonic transducer for use in the 
nondestructive inspection and evaluation of a structural 
sample. 


BACKGROUND OF THE INVENTION 


Ultrasonic scanning is a nondestructive inspection and 
evaluation technique that is used to determine the structural 
integrity of a sample such as an aircraft fuselage skin or 
another metal/composite structural sample. In a typical ultra- 
sonic scanning device, ultrasonic energy is directed into a 
sample while a computer device measures the attenuation of 
ultrasonic energy waves as the waves propagate through the 
sample. Waveform attenuation is affected by defects in the 
sample such as hairline fractures, voids, delamination, and 
corrosion. Such defects may be all but imperceptible to the 
human eye, and can thus escape detection absent the use of 
more sophisticated interrogation techniques. As a result, 
ultrasonic scanning may be used to inspect structural samples 
and thereby determine structural integrity. However, conven- 
tional ultrasonic scanning systems may be less than optimal 
when used with certain types of structural samples. 


SUMMARY OF THE INVENTION 


A method is disclosed herein for ultrasonically inspecting 
a structural sample. The disclosed method does not require 
water, gel, or any other wet coupling medium at the surface of 
the sample that is being inspected. In the present approach, a 
controlled vertical displacement is applied via a train of force 
pulses transmitted to an ultrasonic transducer in conjunction 
with a transmission of ultrasonic energy. The intermittent 
contact that results between the transducer and the inspected 
surface allows the transducer to glide, hop, or otherwise 
“float” with respect to the surface. The present approach 
reduces the average applied force to the interrogated surface, 
which, when multiplied by the coefficient of friction of the 
surface, gives a reduced net frictional force resisting the 
motion of the transducer. As a result, the transducer can be 
more easily moved with respect to the surface. 

The overall reduction in net frictional force at the surface is 
determined relative to other approaches, for instance that of 
rolling transducers which require a straight, one-dimensional 
roll path. Such approaches may be less than optimal for 
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quickly scanning the structure in a free form manner. Another 
common inspection approach is the dripless bubble system, 
which allows water to flow onto the surface of the interro- 
gated sample. Alternatively, the entire sample may be sub- 
mersed in a water tank. Leakage, the potential for air bubbles, 
and incompatibility of water with some carbon composite 
materials may make dripless/submersible scanning devices 
less than optimal in certain applications. For example, the 
exposed surfaces of an aircraft fuselage or a space vehicle 
may be such that moisture and other surface contamination 
must be avoided. 

In particular, a method is disclosed herein for inspecting a 
structural sample using ultrasonic energy. The method 
includes positioning an ultrasonic transducer adjacent to a 
surface of the sample, and then transmitting ultrasonic energy 
into the sample as ultrasonic pulses. The method also includes 
applying vertical displacement to the transducer via a train of 
force pulses, e.g., at a sonic frequency, transmitted concur- 
rently with transmission of the ultrasonic energy. The pulses 
vertically displace the transducer and cause the transducer to 
exert a periodic force on the surface. The transducer floats 
with respect to the surface between consecutive force pulses. 
The method additionally includes processing an ultrasonic 
return pulse using a host machine to quantify a level of attenu- 
ation of the ultrasonic energy within the sample, and then 
using the host machine to detect a defect in the sample using 
the quantified level of attenuation. 

A system for inspecting a structural sample using ultra- 
sonic energy includes an ultrasonic transducer connected to 
an actuator, dry couplant, and a measurement system. The dry 
couplant is positioned between the ultrasonic transducer and 
a surface of the structural sample. The measurement system 
includes a pulsed actuator power supply, an ultrasonic pulser/ 
receiver, and a host machine having a processor and a tan- 
gible, non-transitory memory device(s). A set of instructions 
for inspecting the sample is recorded in the memory device. 
The scanning device, and/or a separate positioning device, 
moves the actuator and transducer with respect to the surface 
during inspection of the sample. 

Execution of the instructions by the processor causes the 
ultrasonic puller/receiver to transmit ultrasonic energy into 
the sample via the transducer, and causes the power supply to 
vertically displace the transducer, via the actuator, concur- 
rently with transmission of the ultrasonic input pulses. The 
displacement causes the transducer to exert a periodic force 
on the surface. The processor then processes an ultrasonic 
return pulse from the ultrasonic pulser/receiver to quantify a 
level of attenuation of the ultrasonic input pulses within the 
sample. The host machine detects a defect in the sample using 
the quantified level of attenuation. 

Another method for inspecting a structural sample using 
ultrasonic energy includes positioning a dry couplant in the 
form of a flexible membrane between an ultrasonic trans- 
ducer and a surface of the sample, and then using an actuator 
to cause the transducer to exert a periodic force on the surface 
of the structural sample. The periodic force in one embodi- 
ment has a sonic frequency of at least 50 Hz. The method also 
includes transmitting ultrasonic energy at an ultrasonic fre- 
quency of in an example embodiment, at least 1 MHz into the 
structural sample using the transducer and an ultrasonic 
pulser/receiver, synchronizing the transmission of pulses of 
the ultrasonic energy with the periodic force while moving 
the transducer with respect to the surface, and processing 
ultrasonic return pulses from the sample using a host machine 
to quantify a level of attenuation of the ultrasonic energy 
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within the sample. The method further includes using the host 
machine to detect a defect in the sample as a function of the 
level of attenuation. 

The above features and advantages and other features and 
advantages of the present invention are readily apparent from 
the following detailed description of the best modes for car- 
rying out the invention when taken in connection with the 
accompanying drawings. 


BRIEF DESCRIPTION OF THE DRAWINGS 


FIG. 1 is a schematic illustration of a floating ultrasonic 
transducer system used for nondestructive inspection and 
evaluation of a structural sample as set forth herein. 

FIG. 1A is a schematic illustration of an optional encapsu- 
lated transducer that is usable as part of the system shown in 
FIG. 1. 

FIG. 1B is a schematic illustration of an optional vacuum- 
assisted transducer that is usable as part of the system shown 
in FIG. 1. 

FIG. 2 is an example set of traces that collectively describes 
the operation of the system shown in FIG. 1. 

FIG. 3 is an example graph describing a baseline ultrasonic 
energy return (vertical axis) versus time (horizontal axis) in 
the system of FIG. 1A prior to activation of an actuator of the 
ultrasonic transducer. 

FIG. 4 is an example graph describing ultrasonic energy 
return versus time in the system of FIG. 1 in the absence of 
sample defects. 

FIG. 5 is an example graph describing ultrasonic energy 
return versus time in the system of FIG. 1 in the presence of 
defects in the sample. 

FIG. 6 is a flow chart describing an example method for 
inspecting a structural sample using the system of FIG. 1. 


DETAILED DESCRIPTION OF THE INVENTION 


Referring to the drawings, and beginning with FIG. 1, an 
ultrasonic interrogation and inspection system 10 is disclosed 
herein that uses an ultrasonic transducer 12 in conjunction 
with a dry coupling medium, hereinafter referred to as dry 
couplant 20, to perform a nondestructive ultrasonic evalua- 
tion of a structural sample 14. The system 10 reduces the 
effects of surface friction with respect to an inspected surface 
13 of the sample 14 by establishing intermittent/pulsed con- 
tact between the transducer 12 and the surface 13, typically at 
asonic frequency, and by concurrently conducting ultrasonic 
sampling at a higher frequency. This synchronized, dual- 
frequency sampling approach allows the transducer 12 to 
“float” with respect to the surface 13, i.e., to hop, glide, or 
otherwise move across the surface 13 between force pulses 
with a much reduced or zero contact force. At the same time, 
adequate dry coupling is provided via the dry couplant 20 
between the transducer 12 and the sample 14 for optimal 
ultrasonic measurement. 

The sample 14 shown in FIG. 1 has a thickness T, and may 
be constructed of a single metal such as aluminum and/or of 
composite materials or alloys of metal. In an example appli- 
cation, the sample 14 may be embodied as a skin of a fuselage 
or any other structural element in which surface contamina- 
tion and/or post-inspection surface cleaning is undesirable. 

The system 10 includes an actuator 11 such as a linear 
voice coil motor or piezoelectric stack, the ultrasonic trans- 
ducer 12, a scanning device 28, and a measurement system 
18, each of which is described in turn below. The transducer 
12 interrogates the sample 14 by directing waves 16 of ultra- 
sonic into the sample 14 as ultrasonic input pulses. As is well 
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understood in the art, a transducer such as the transducer 12 
disclosed herein converts an electrical signal into a mechani- 
cal vibration and vice versa. The transducer 12 may contain a 
piezoelectric element, crystal, or other suitable device for this 
purpose. The ultrasonic transducer 12 shown in FIG. 1 may be 
configured as a single transducer 12 or as an array of similarly 
configured transducers 12, with the latter configuration being 
well suited for achieving multiple inspections at a single 
contact point. In all embodiments, the transducer 12 vibrates 
at ultrasonic frequencies, which may be frequencies higher 
than about 20 kHz. In some embodiments the transducer 
generates the waves 16 at much higher frequencies, e.g., of 
over 1 MHz or over 25 MHz in different example embodi- 
ments. In other embodiments, such as when inspecting a 
relatively thick sample such as tank armor, lower frequencies 
on the order of hundreds of KHz may be used. 

Additionally, the actuator 11 applies a train of force pulses, 
hereinafter referred to as sonic pulses, to the transducer 12 to 
cause intermittent/tapping contact between the transducer 12 
and the surface 13. While the force pulses may be applied at 
an ultrasonic frequency in other embodiments, in all embodi- 
ments the applied frequency should be lower than the ultra- 
sonic frequency used for ultrasonic scanning. For illustrative 
consistency, the term “sonic pulses” will be used hereinafter. 

In a particular embodiment, a pulse frequency of about 
50-70 Hz may be used concurrently with transmission of the 
ultrasonic waves 16. An example sonic/ultrasonic frequency 
pairing includes sonic pulses of about 63 Hz synchronized 
with transmission of the ultrasonic waves 16 at a frequency of 
about 35 MHz to 40 MHz, i.e., +5%, an embodiment which 
works particularly well with a sample 14 in the form of a 
graphite/epoxy composite plate. The actual sonic/ultrasonic 
frequency combination may be expected to vary with the 
composition and thickness of the sample 14. 

Still referring to FIG. 1, the transducer 12 is coupled to the 
surface 13 using the dry couplant 20. While a gel, water, or 
any other wet couplant may be used between the transducer 
12 and the dry couplant 20 to minimize impedance losses, any 
interface between the dry couplant 20 and the surface 13 
always remains dry in the present approach. This condition 
eliminates the need for post-inspection cleaning of the sur- 
face 13. The ultrasonic transducer 12 of FIG. 1 acts in con- 
junction with the dry couplant 20 to achieve the momentary/ 
intermittent touching control approach as set forth herein. 
The dry couplant 20 couples the transmitted ultrasonic waves 
16 emanating from the transducer 12 with the material of the 
sample 14. 

By way of example, the dry couplant 20 may be variously 
embodied as a low-attenuation dry elastomer such as nitrile or 
another synthetic rubber, a liquid-filled thin membrane, or a 
hydrophilic material. In the configuration shown in FIG. 1, 
the dry couplant 20 is amembrane positioned over the surface 
13, and thus remains stationary with respect to the moving 
transducer 12. In other embodiments a membrane sock may 
be positioned over the transducer 12 to allow the dry couplant 
20 to move with the transducer 12. 

Referring briefly to FIG. 1A, an alternative transducer 12A 
may be encapsulated by an alternative dry couplant 120. For 
example, the dry couplant 120 may define a volume of fluid 
34 such as water or gel. The dry couplant 120 may be shaped 
as a capsule that fully encloses the transducer 12A and the 
fluid 34 therein. A flexible tip 52 may transmit the sonic 
pulses as intermittent forces to the surface 13 when the trans- 
ducer 12A is activated by the actuator 11 without damaging 
the dry couplant 20. 

Referring again to FIG. 1, the scanning device 28 includes 
a processor 138 and a positioning device 33, which is con- 
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nected via an arm 48 to a stationary member 49. The posi- 
tioning device 33 may be embodied as a set of motors or 
rotary/linear actuators that position the transducer 12 in both 
the horizontal and vertical directions as needed. A position 
sensor 29 may be connected to the positioning device 33 or 
the transducer 12 and used to measure the relative position of 
the transducer 12. The measured position (arrow 21) may be 
transmitted to a processor 138 of the scanning device 28. The 
scanning system 28 then outputs a position control signal 
(arrow 62) to the positioning device 33 to control the posi- 
tioning of the actuator 11 and transducer 12 in a control loop, 
thereby using the measured position (arrow 21) as a feedback 
signal. 

The measurement system 18 includes a host machine 22, a 
timing circuit 26, an ultrasonic pulser/receiver 30 in commu- 
nication with the transducer 12, and an actuator power supply 
32. The host machine 22 of FIG. 1 includes all necessary 
software and hardware necessary for conducting the present 
method 100, an example of which is described below with 
reference to FIG. 6. The host machine 22 may include a 
display 19 and a digitizer 24, as well as tangible, non-transi- 
tory memory device 36 on which is recorded computer-ex- 
ecutable code embodying the present method 100. A bus 
(double arrow 23) may connect the host machine 22 to the 
scanning device 28. 

The host machine 22 also includes a processor 38 and any 
required data busses. Memory device 36 may include read 
only memory (ROM), electrically-programmable read-only 
memory (EPROM), flash memory, or any other non-transi- 
tory, computer readable media. Such memory is relatively 
permanent, and thus may be used to retain values needed for 
later access by the processor 38. The host machine 22 may 
also include sufficient transitory memory, e.g., random access 
memory (RAM). Such memory may include the values of any 
transient signals communicated within the system 10 in con- 
ducting the present method 100. 

The host machine 22 transmits a scan request (arrow 25) to 
the timing circuit 26 to initiate sampling. The scan request 
(arrow 25) may include all required scanning parameters, 
such as the frequency and amplitude of the sonic pulses to the 
actuator 11, the ultrasonic scanning frequency of the waves 
16, etc. The timing circuit 26 receives the scan request (arrow 
25) and using a logic block 35, generates and transmits syn- 
chronized output signals (arrows 60) to each of the ultrasonic 
puller/receiver 30, actuator power supply 32, and scanning 
device 28. 

The pulser/receiver 30 may be embodied as an electronics 
box, e.g., an Olympus Panametrics 5072PR or similar device, 
that produces the ultrasonic input pulses (arrow 27) and trans- 
mits the same to the transducer 12, and also measures, 
receives, filters, and amplifies the ultrasonic return pulses 
(arrow 127) returned from the transducer 12. The received 
and processed return pulses (arrow 127) are then fed to the 
digitizer 24 within the host machine 22. The ultrasonic input 
pulses (arrow 27) from the ultrasonic pulser/receiver 30 are 
synchronized with the sonic pulses generated by a pulsed 
output signal (arrow 50) from the actuator power supply 32. 
The ultrasonic pulser/receiver 30 then reads and relays the 
ultrasonic return pulses (arrow 127) back to the host machine 
22, where the digitizer 24 converts the received return pulse 
(arrow 127) as needed into a form usable for processing and 
display of results. 

Referring to FIG. 1B, in an alternative embodiment, a 
handheld subsystem 80 may include the actuator 11, the 
transducer 12, and the dry couplant 20, all of which may be 
enclosed or encapsulated within a housing 82. For illustrative 
simplicity, the housing 82 is shown schematically. Various 
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configurations may suffice, such as metal, plastic, composite, 
etc. The housing 82 may include a perforated skirt 84, 1.e., 
defining pores 86. The pores 86 are in fluid communication 
with the interior of the housing 82, and are present on all 
surfaces of the skirt 84, including adjacent to the surface 13. 
A vacuum tube 88 may extend from the housing 82 to a 
vacuum source 90 such as a pump. Thus, vacuum applied by 
the vacuum source 90 may reach the surface 13 via the hous- 
ing 82 and the pores 86. 

In this example embodiment, suction force may be applied 
to the housing 82 to offset the periodic tapping force needed 
to couple the ultrasonic energy from the transducer 12 into the 
sample 14. Such a suction force should be minimal to allow 
the housing 82, which may define part of a handheld scanning 
module, to float with respect to the surface 13 during scan- 
ning. Such an embodiment may be advantageous when used 
to inspect vertical or overhead surfaces. 

Referring to FIG. 2 in conjunction with the structure shown 
in FIG. 1, an example set of traces 70 illustrates the funda- 
mentals of the present approach. Ultrasonic scanning begins 
at t, as the transducer 12 of FIG. 1 moves at a scanning 
velocity (Vs) with respect to the surface 13. Measurement is 
periodically conducted as indicated by steps 71 of trace 72. 
That is, when measurement is to be conducted, step 71 (on/ 
binary 1) is active. 

Also at tp, a sonic pulse 54 is provided via the pulsed output 
signal (trace 50) from the actuator power supply 32. As indi- 
cated by trace 74, each sonic pulse 54 causes a vertical dis- 
placement 75 to occur in the transducer 12 with respect to the 
surface 13 of FIG. 1. Arrow P,,,, indicates the contact force 
at the maximum extent of the vertical displacement 75, which 
occurs at t,. To ensure that P,,,,is achieved, the timing circuit 
26 of FIG. 1 counts through a calibrated interval 77 ofa clock 
cycle 76. This interval 77 may be determined offline using 
knowledge of the transducer 12, the actuator 11, the dry 
couplant 20, and the sample 14, and therefore may be 
expected to vary with the particular design and materials used 
in the system 10. 

At t,, ie., during the maximum vertical displacement 75 
and thus concurrently with the sonic pulse 54, the ultrasonic 
pulser/receiver 30 of FIG. 1 generates ultrasonic waves 16 as 
the ultrasonic input pulse 27. The ultrasonic input pulse 27 
(for measurement purposes) lasts until t,, and thus is rela- 
tively non-existent when the sonic pulse 54 ends at t,;. Con- 
currently with the input pulse 27, the ultrasonic pulser/re- 
ceiver 30 receives the ultrasonic return pulse 127 and relays 
this information to the host machine 22 of FIG. 1, wherein the 
digitizer 24 converts this value into a form that is readily 
usable in any subsequent control action/reporting of the scan- 
ning results. The entire sequence repeats beginning at t, and 
continuing through to t, at a sonic frequency. 

Timing Approach 

The actual contact time between the transducer 12 and the 
surface 13 of the structural sample 14 shown in FIG. 1 
depends on the velocity of propagation of the ultrasonic 
waves 16, and also on the thickness (T) of the sample 14 and 
a thickness of the dry couplant 20. Thus, inspection of an 
aircraft fuselage skin, for instance, should require less contact 
time than that required for inspection of a thicker sample. 
Additionally, by lowering the sonic frequency, relatively 
large areas may be rapidly scanned at a reduced resolution. 
The sonic frequency may be increased up to the ultrasonic 
frequency for higher resolution inspections without departing 
from the intended inventive scope. 

Close regulation of the momentary touching of the trans- 
ducer 12 ensures that consistent hand or mechanical pressure 
is not required to establish constant contact with the surface 
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13. The timing circuit 26 synchronizes the timing of any 
intermittent contact between the actuator 11 and the surface 
13 with the transmission and detection of the ultrasonic waves 
16 from the transducer 12. This in turn ensures that efficient 
and consistent energy coupling is obtained without the use of 
wet couplant such as water or gel between the dry couplant 20 
and the surface 13. 

The actual measurement time (t,,) may be defined as fol- 
lows: 


qd) 


2(Tsampte)  2(Tcoupting medium) 
ly = reer 





B 


Vsample Veoupling medium 


where the values T,ampie 2d Toupiing Medium represent the 
thicknesses of the sample 14 and the dry couplant 20, respec- 
tively. The measurement is a pulse echo, and thus the distance 
traveled by the ultrasonic waves 16 is a factor of the two 
thicknesses Tore ANd T.,,,5%ing Medium. Ultrasonic wave 
velocity is a total velocity of the waves 16 through the sample 
14, 1... Veampie: and the dry couplant 20, 1e., Voouping 
medium. In equation (1), the factor, 6 represents the settling 
time required for stabilization of the contact pressure from a 
momentary touching. 
A spatial sample interval time (t,) may be defined as: 


beam. 


(2) 


L=-—— 
* scan speed «d 


where the variable “scan speed” is provided by mechanical or 
hand movement, “beam” is the ultrasonic beam size or wave- 
length, and “do” is a scalable factor that determines the final 
scanning resolution. The spatial sample interval time (t,) is 
optimal when a d=1, and therefore, the inspection resolution 
is equivalent to the transducer beam size. The inspection 
resolution is not limited to the beam size with the present 
approach. Therefore, relatively large areas can be scanned 
rapidly if the resolution is less than 1, i.e., if <1. 
The contact duty cycle (t,) may be defined below as: 


(3) 


measurement time 
=o ¢:100% 
spatial sample interval time 


For example, a typical ultrasonic longitudinal velocity on a 
graphite epoxy composite having a fiber volume fraction of 
60 percent would be approximately 0.138 inches/usec. If the 
longitudinal velocity through the dry couplant 20 is assumed 
to be a factor of 5 or slower, then for a graphite epoxy com- 
posite thickness of 0.5 inches and coupling medium thickness 
of 0.25 inches, the wave propagation time would be 25.4 
seconds. Since ultrasonic measurement is rapid, the settling 
time, B, is an important factor in the control of the system 10. 
If the transducer tapping frequency can be adjusted to 1.0 
kHz, then the total measurement time would be 0.0010254 
seconds as determined using equation (1). 

Depending on how the transducer 12 of FIG. 1 is con- 
trolled, the settling time could be much faster. Given a typical 
hand velocity of 2.4 inches/sec, a resolution factor 0=0.5, and 
an ultrasonic beam diameter of 0.0625 inches, the spatial 
sample interval time (t,) would be 0.052 seconds. This is the 
time available to perform the ultrasonic inspection at a given 
point during hand scanning, which is much more than the 
required measurement time. 
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Therefore, the measurement duty cycle is estimated as 1.97 
percent. This indicates that the transducer 12 must be in 
contact with the surface 13 only 1.97 percent of the time. For 
a sample 14 having an inspection length of 12 inches, the 
ultrasonic inspection of which would take 5 seconds to com- 
plete, the transducer 12 would have to make 96 measure- 
ments, i.e., 96 momentary touches. The total required time the 
transducer must be in contact with the surface 13 in this 
particular example is 0.099 seconds, which is much less than 
the total measurement time of 5 seconds. 

FIGS. 3-5 describe various example measurement results 
that are possible using the ultrasonic inspection system 10 of 
FIG. 1. FIG. 3 shows an example return waveform 40 when 
the actuator 11 of FIG. 1 is not activated and little to no 
ultrasonic energy is transmitted to the sample 14. 

In FIG. 4, when the actuator 11 of FIG. 1 is activated and a 
surface 13 having no defects is ultrasonically measured, a 
return waveform 140 having a baseline back wall echo (re- 
gion 44) is present in the return signal (trace 142). A variance 
from the baseline response of FIG. 4 may be used by the host 
machine 22 of FIG. 1 to detect a defect in the sample 14. For 
instance, FIG. 5 shows the measurement results as a return 
waveform 240 that may occur when an example defect is 
measured. A defect pattern (trace 46) may be detected in the 
return signal (trace 242). Such defects may be unknown, thus 
necessitating further analysis, or they may have a pattern or 
profile that can be matched to known defects. 

Referring to FIG. 6, an example inspection method 100 is 
described with reference to the ultrasonic inspection system 
10 of FIG. 1. Beginning with step 102, the measurement 
system 18 is zeroed, a step that may include clearing all prior 
inspection data from memory of the host machine 22. Once 
zeroed, the method 100 proceeds to step 104. 

At step 104, the transducer 12 may be positioned via the 
positioning device 33 with respect to the surface 13. Step 104 
may also include positioning the dry couplant 20 between the 
transducer 12 and the surface 13, a step which may entail 
wrapping the transducer 12 in the dry couplant 20 or draping 
the dry couplant 20 over the surface 13. 

At step 106, the transducer 12 of FIG. 1 is caused to vibrate 
at a calibrated ultrasonic frequency via the ultrasonic pulses 
(arrow 27 of FIG. 1) while the transducer 12 moves at scan- 
ning velocity Vs along the surface 13. Step 106 may include 
generation of the pulsed output signal (arrow 50) by the 
actuator power supply 32. The actuator 11 receives the pulsed 
output signal (arrow 50) and generates the train of sonic 
pulses 54 (see FIG. 2) which causes vertical displacement of 
the transducer 12 with respect to the plane of the surface 13, 
and a resultant exertion of a periodic force on the surface 13. 

Also at step 106, motion of the transducer 12 is fully 
synchronized via the timing circuit 26 with any transmission 
of the ultrasonic waves 16 into the sample 14. As a result, data 
acquisition by the host machine 22 of FIG. 1 is synchronized 
with motion of the transducer 12 as the transducer 12 “floats” 
with respect to the surface 13 and intermittently touches the 
surface 13. Any back pulses from the ultrasonic waves 16 are 
read by the ultrasonic pulser/receiver 30 and recorded in 
memory 36 of the host machine 22 for subsequent diagnostic 
use and/or other control actions. 

At step 108, the measurement system 18 of FIG. 1 next 
determines whether the inspection process has terminated. 
Step 108 may include detecting a signal from the user, or it 
may include monitoring the response to transmitted ultra- 
sonic energy using the pulser/receiver 30. Steps 106 and 108 
may be repeated in a loop until conditions change to indicate 
that the testing is complete. Once the inspection process has 
terminated the method 100 proceeds to step 110. 
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At step 110, the host machine 22 of FIG. 1 executes a 
suitable control action. Step 110 may entail, for instance, 
recording a passing or failing result in memory of the host 
machine 22 and/or repeating the inspection to verify the 
results. Step 110 may entail comparing the level of attenua- 
tion of ultrasonic waves 16 in the sample 14 to a calibrated set 
of waveforms recorded in memory device 36 of the host 
machine 22. With respect to the structural sample 14, step 110 
may also entail withdrawing the sample 14 from further use, 
e.g., grounding an aircraft or spacecraft having the structural 
sample 14 in the form of a fuselage skin or composite layer as 
noted above. Other control actions may be envisioned as part 
of step 110. 

By regulating the momentary touching of the transducer 12 
using mechanical, electrical, magnetic, hydraulic, and/or 
other means, consistent hand pressure is not required for 
scanning. Timing of contact pressure is synchronized with the 
transmission and detection of the ultrasonic waves 16. 

While the best modes for carrying out the invention have 
been described in detail, those familiar with the art to which 
this invention relates will recognize various alternative 
designs and embodiments for practicing the invention within 
the scope of the appended claims. 


The invention claimed is: 

1. A method for inspecting a structural sample using ultra- 
sonic energy, the method comprising: 

positioning an ultrasonic transducer adjacent to a surface 

of the sample; 

transmitting ultrasonic energy into the sample using an 

ultrasonic transducer; 
applying force pulses to the transducer, concurrently with 
the transmission of the ultrasonic energy and at a fre- 
quency that is lower than a frequency of the ultrasonic 
energy, to thereby vertically displace the transducer and 
cause the transducer to exert a periodic force on the 
surface; 
moving the transducer with respect to the surface and in 
synchronization between the transmission of pulses 
with the periodic force and movement of the transducer; 

processing an ultrasonic return pulse from an ultrasonic 
pulser/receiver using a host machine to thereby quantify 
a level of attenuation of the ultrasonic input pulses 
within the sample; and 

using the host machine to detect a defect in the sample 

using the quantified level of attenuation; 
wherein an actuator and the transducer are enclosed within 
a housing having a perforated skirt; and 

applying a vacuum to the surface through pores in the 
perforated skirt while moving the transducer with 
respect to the surface. 

2. The method of claim 1, wherein the frequency of the 
force pulses is a sonic frequency. 

3. The method of claim 1, further comprising: 

positioning a dry couplant between an ultrasonic trans- 

ducer and the surface of the sample. 

4. The method of claim 3, wherein the dry couplant is an 
elastomer that encapsulates the transducer within a volume of 
fluid or layer of gel couplant. 

5. The method of claim 1, wherein using a host machine to 
detect a defect in the structural sample includes comparing 
the level of attenuation to a calibrated set of waveforms 
recorded in a tangible, non-transitory memory device of the 
host machine. 
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6. The method of claim 1, wherein an actuator is connected 

to an actuator power supply, the method further comprising: 

modifying a contact duty cycle of the actuator power sup- 

ply via the host machine and timing electronics to 
thereby optimize the contact time. 

7. A system for inspecting a structural sample using ultra- 
sonic energy, the system comprising: 

an actuator; 

an ultrasonic transducer connected to the actuator; 

a dry couplant positioned between the ultrasonic trans- 
ducer and a surface of the structural sample; 

a scanning device that moves the actuator and the trans- 
ducer with respect to the surface during inspection of the 
sample, 

a scanning device that is synchronized to the transmission 
of the ultrasonic energy with the force pulses and with 
the transducer movement with respect to the surface; and 

a measurement system in communication with the ultra- 
sonic transducer that includes a pulsed actuator power 
supply, an ultrasonic pulser/receiver, and a host machine 
having a processor and tangible, non-transitory memory 
on which is recorded a set of instructions for inspecting 
the sample, wherein execution of the instructions by the 
processor causes: 

the ultrasonic pulse/receiver to transmit ultrasonic energy 
into the sample via the transducer; 

the pulsed actuator power supply to cause the actuator to 
apply force pulses to the transducer concurrently with 
the transmission of the ultrasonic energy and movement 
of the transducer and actuator, wherein the force pulses 
vertically displace the transducer and cause the trans- 
ducer to exert a periodic force on the surface; 

the processor to process ultrasonic return pulses from the 
ultrasonic pulser/receiver to thereby quantify a level of 
attenuation of the energy within the sample; 

the host machine to detect a defect in the sample using the 
quantified level of attenuation and host machine to 
detect the location of the measurement that indicates the 
defect in the sample; and 

a housing in fluid communication with a vacuum source, 
wherein the actuator and the transducer are enclosed in 
the housing. 

8. The system of claim 7, wherein the force pulses are 

transmitted at a sonic frequency. 

9. The system of claim 7, wherein the actuator is one of a 
piezoelectric stack and a linear voice coil motor. 

10. The system of claim 7, wherein the housing includes a 
perforated skirt that contacts the surface and defines a plural- 
ity of pores in fluid communication with the vacuum source. 

11. The system of claim 7, wherein the dry couplant encap- 
sulates the transducer within a volume of liquid or gel cou- 
plant. 

12. A method for inspecting a structural sample using 
ultrasonic energy, the method comprising: 

positioning a dry couplant in the form of a flexible mem- 
brane between an ultrasonic transducer and a surface of 
the sample; 

using an actuator to vertically displace the transducer and 
thereby cause the transducer to exert periodic force 
pulses on the surface of the structural sample, wherein 
the periodic force has a sonic frequency ofat least 50 Hz; 

transmitting ultrasonic energy at an ultrasonic frequency of 
at least 1 MHz into the structural sample using the trans- 
ducer and an ultrasonic pulser/receiver; 

synchronizing the transmission of the ultrasonic energy 
with the force pulses and the transducer movement with 
respect to the surface; 


US 9,354,206 B2 


11 


quantifying a level of attenuation of the ultrasonic input 
pulses within the sample, including processing ultra- 
sonic return pulses from the sample using a host 
machine; and 

using the host machine to detect a defect in the sample as a 

function of the level of attenuation and host machine to 
detect the location of the measurement that indicates the 
defect in the sample; 

enclosing the transducer in a housing having a perforated 

skirt; and 

applying a vacuum to the surface via pores defined by the 

perforated skirt. 

13. The method of claim 12, wherein the periodic force 
pulses have a sonic frequency of between 60 Hz and 70 Hz, 
and wherein the ultrasonic frequency is at least 30 MHz. 

14. The method of claim 12, wherein using an actuator to 
cause the transducer to exert periodic force pulses includes 
using one of a piezoelectric stack and a linear voice cod 
motor. 

15. The method of claim 12, further comprising position- 
ing a wet fluid or gel couplant between the transducer and the 
dry couplant. 
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16. The method of claim 15, further comprising: 
encapsulating the transducer in a volume of fluid or gel, 
wherein the wet fluid or gel is the couplant. 
17. The method of claim 12, wherein synchronizing the 


5 transmission of the ultrasonic energy with the force pulses 
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includes calculating an actual measurement time (t,,) defined 


5 2(T sample) “ 2(T coupling medium) be 
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In 


Vsample Veoupling medium 


where and T,51c 20d TQ... pting medium Tespectively repre- 
sent the thicknesses of the sample and the dry couplant, 
Vsample Ad Veoupting medium Tepresent the total velocity 
through the sample and the dry couplant, respectively, of 
waves of the ultrasonic energy, and is the settling time 
required for stabilization of contact pressure from one of 


the periodic force pulses. 
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